Left heart volume characteristics were evaluated by using biplane cineangiocardiography in 18 studies in 15 patients with total anomalous pulmonary venous connection (TAPVC) and in 37 studies on 35 patients with large secundum or sinus venosus atrial septal defects (ASD). Left ventricular end-diastolic volume (LVEDV) was decreased to less than 67% of normal in five of 15 preoperative TAPVC patients, but the average value for the entire group was not significantly different from normal. In ASD patients, the average LVEDV was 87% of normal which was significantly decreased (P < 0.001). The ejection fraction was decreased from normal in patients with TAPVC and ASD who were less than 2 years of age (0.62 vs. 0.68, P < 0.01), but was normal in older patients. Left ventricular systolic output was significantly decreased from normal in both TAPVC (75% of normal, P < 0.001) and ASD patients (81% of normal, P < 0.001). Left atrial maximal volume was significantly decreased from normal in TAPVC patients averaging only 55% of normal (P < 
Vital Statistics, Hemodynamic Data, and alous Pulmonary Venous Connection ml. In 10 of the 15 patients the anomalous connection was to a vertical vein, in three to the right atrium, in one to the coronary sinus, and in one to the portal vein. Three of the 10 patients with vertical vein (VV) connections had catheterization of this structure into the common pulmonary vein (CPV), and one (T.T., table 1) had a measurable pressure difference from CPV to VV. The only associated cardiovascular lesions were atrial defects which were present in all but one patient and a ventricular defect present in one patient.
Group II
Thirty-seven studies were performed in 35 patients with atrial septal defects including two patients studied postoperatively. Ages ranged from 83 days to 11 years. Thirty-one patients had secundum defects, and four patients had sinus venosus defects with partial anomalous pulmonary venous connection. Patients with mitral insufficiency on left ventricular cineangiocardiography were excluded from the study. All (P> 0.4). There was no significant correlation of LVEDV expressed as ml/m2 with either peak RVP (P > 0.2) or RVEDP (P > 0.05), or with Hgb (P > 0.5).
Two patients had both preoperative and postoperative studies, and both showed an increase in LVEDV following surgery ( fig.   2 ).
Eleven of 35 preoperative ASD patients (31%) had LVEDV values which were less than the average normal value minus 2 SD ( fig.  3) The LVSO was less than the normal value minus 2 SD, in six of the 15 TAPVC patients before operation (40%) (fig. 4) . The average value was significantly different from normal (75 ± 19%, P < 0.001). This variable averaged 2.89 + 0.89 liters/min versus a normal value2 of 4.42 + 0.95 (P < 0.001). Again there was no significant correlation of LVSO/BSA with peak RVP (P > 0.5) or Hgb (P > 0.5). The two patients with both preoperative and postoperative LVSO determinations showed increases in this variable.
Eight of 35 patients with atrial defects (23%) had systolic outputs which were less than the average normal value minus 2 SD ( fig.  5 ). The mean value for this group was significantly different from normal, 81 + 20%, (P < 0.001) or 3.65 ± 1.01 liters/min/m2, (P <0.01). There was no significant correlation of LVSO/BSA with age, but a weak correlation was found with degree of left-to-right shunt: LVSO/BSA --0.037 (shunt, %) + 5.77, P < 0.05, r =0.341. The LA...x vwas less than the lower limit of normal in 10 of 11 preoperative studies in patients wvith TAPVC, and the axerage valuie wvas significantly decreased from normal (55% of normal; P < 0.001). This variable was increased in the one postoperative study available ( fig. 6 ).
Left atrial volume could be calculated only in eight patients in the ASD group because of difficulties defining the atrial septum in the presence of a large left-to-right shunt. This variable was within the normal range (mean + 2 SD of predicted voluwe) in all patients.
Left Ventricular Pressure
Both left ventricular peak pressure (LVP) and end-diastolic pressure (LVEDP) wvere significantly decreased from normal2 in TAPVC patients: LVP was 84 + 16 mm Hg versus a normal value of 98 + 12 mm Hg (P < 0.01), and LVEDP was 7.1 + 3.4 mm Hg versus a normal value of 11.4 +4.2 mm Hg (P<0.001).
Both LVP and LVEDP were not different from normal in ASD patients (P > 0.1).
Discussion This study documents the low left atrial volumes in all patients studied with TAPVC and the low LV end-diastolic volumes in 33% of these patients. In addition, the LV ejection fractions and LV systolic outputs wvere decreased in this group of infants with total anomalous pulmonary venous connection.
Niultiple hemodvynamic factors may contribute to these findings. The size of the atrial defect may be one determinant of left heart size with small communications associated vith small volumes. In this regard, there was no significant inverse correlation (P>0. The decrease in ejection fraction in infants with TAPVC was modest, may well be related to a decrease in LVEDV, and may not reflect any basic alteration in myocardial contractile state.
Of Three of the remaining four patients who died following surgery had peak RVP >LVP indicating that pulmonary hypertension may play a large role in surgical mortality, as has been suggested by other investigators."'- 8 Gersony and associates9 recently have reported successful corrective surgery in seven of 10 infants with TAPVC whose ratio of RVP/LVP averaged 0.66. One patient in their series operated on successfully had an RVP/LVP ratio of 1.20 which indicates that severe pulmonary artery hypertension in infancy does not preclude successful surgery.
Patients with isolated atrial septal defects showed small decreases from normal in LVEDV and LV systolic output. These findings could not be attributed to an effect of anesthesia since the normal values were obtained under identical conditions.' 2 The two ASD patients with preoperative and postoperative studies showed increases in the variables following corrective surgery.
Only one of the ASD patients studied had clinical signs of heart failure or required digitalis therapy. This infant, CR., age 21 months, had a decreased LVEDV to only 64% of normal with the LV systolic output only 66% of normal. She has not undergone surgery.
Twenty-eight of the 35 ASD patients have undergone corrective surgery to date with no deaths. None of these patients has shown signs of left heart failure following surgery. Thus, left heart dysfunction which has been reported in adults with large atrial defects9-13 does not appear to be a factor in children with this lesion.
In summary, these findings indicate that left heart size and output can be decreased to abnormally low values in infants and children with TAPVC and isolated atrial septal defects with large shunts. The contribution of small left heart size to surgical morbidity and mortality in infants wvith TAPVC is unclear. Future studies correlating preoperative left atrial and left ventricular size with postoperative monitoring of left atrial pressure and systemic output should help to resolve this important question. 
